Introduction
It has been over 40 years since Harald zur Hausen published his first report on attempts to detect human papillomavirus (HPV) DNA in cervical cancer and genital wart biopsies (1) . Since then, it has unequivocally been established that HPVs are important carcinogens in humans, causing not only cervical cancer but also a significant proportion of penile, vulvar, vaginal, anal, and oropharyngeal cancers (2) . Moreover, infection with HPV has proven to be the most common viral sexually transmitted disease, with an estimated global incidence of anogenital warts ranging from 160 to 289 cases per 100,000 person-years (3). Hence, prevention of HPV infections and HPV-related neoplasms has become a priority. Quadrivalent vaccine against HPV-6, HPV-11, HPV-16, and HPV-18 became the first prophylactic HPV vaccine to be registered in Europe in September 2006, followed by a bivalent vaccine against HPV-16 and HPV-18 1 year later, and a nonavalent vaccine against HPV-6, HPV-11, HPV-16, HPV-18, HPV-31, HPV-33, HPV-45, HPV-52, and HPV-58 in 2015 (4) (5) (6) .
In Slovenia, HPV vaccination became the first non-mandatory vaccine to be included in the national vaccination program in the 2009/2010 school year. HPV vaccination is recommended for girls in the sixth grade (11-to 12-year-olds), whereas boys are not included in the program (7, 8) . HPV vaccination is offered to girls free of charge as a part of a preventive care visit at primary healthcare centers. Each school selects a school medicine specialist or a pediatrician to provide preventive and immunization programs for all children in a particular school. As demonstrated in other countries, school-based vaccination is a very successful strategy to achieve high vaccination coverage rates (9) .
Slovenia initially used the quadrivalent vaccine, which was switched to the nonavalent vaccine in 2016. Although HPV vaccination for girls is fully state-funded, national vaccine coverage is only around 50%. There are significant differences in HPV vaccine uptake among different regions in Slovenia, ranging from very high (79.0% in Ravne) to very low (32.2% in Kranj) (10) . Moreover, HPV vaccine coverage varies significantly not only at the regional level but also among different municipalities within the same region. Hence, we believe that the HPV vaccine coverage is largely influenced by the knowledge of and attitudes toward HPV infections among school medicine specialists or pediatricians that provide the immunization program at a particular school.
This study evaluated the range of concerns among various groups of healthcare professionals and the general public regarding the timing of HPV vaccination, its safety and adverse effects, the impact of HPV vaccination on sexual behavior, and the importance of vaccinating boys.
Methods
The study was designed to obtain information about the knowledge of and attitudes toward HPV infection and vaccination among various healthcare professionals and the general public. For participants that attended lectures on HPV infection and vaccination, the survey was administered prior to the lecture(s) in order to obtain independent data about their knowledge and beliefs. The survey consisted of five statements. The first statement was designed to evaluate participants' opinions regarding age at vaccination and potential delay in HPV vaccination. The purpose of the second statement was to evaluate whether participants associate HPV vaccination with riskier sexual behavior. The third statement evaluated participants' perspective regarding potential adverse effects of the vaccine and the relatively short period of vaccine availability on the market, and the fourth statement was designed to assess the importance of information obtained from the internet. The last statement was designed to obtain insight into participants' attitudes towards HPV vaccination in males. Participants were asked to simply mark "yes" or "no" if they agreed or disagreed with the statement.
The first group consisted of medical students at the universities of Ljubljana and Maribor in their final years that attended the first medical student conference on reproductive health (Cervical Cancer: From A to HPV), held in Ljubljana in April 2016. The second group consisted of school medicine specialists and pediatricians, who were asked to complete the questionnaires during their annual update meeting on HPV vaccination, held in September 2016 in Ljubljana. The third group consisted of gynecologists working at primary health centers that attended the Eighth Contraception Symposium, which was held in September 2017 in Ljubljana. All of these healthcare professionals should be familiar with the burden of HPV-related disease because they are supposed to deliver clear recommendations for HPV vaccination to parents and adolescents. The fourth group included parents of sixth-grade children in several small municipalities (Idrija, Cerkno, Radenci, Gornja Radgona, Apače, and Sveti Jurij ob Ščavnici). The questionnaires were administered to parents at parent-school meetings in 2016 and 2017, and the data were analyzed separately for each year. The final group consisted of women that visited their gynecologists at primary health centers in Idrija, Radenci, and Ljubljana in 2017.
No personal or demographic data were collected during the survey. Potential differences between each group were evaluated using a χ² test, with p values of < 0.05 considered to be statistically significant. Analyses were performed using R software version 3.1.3 (Free Software Foundation, Boston, MA, USA).
Results
A total of 605 surveys were completed by medical students (n = 259), parents of sixth-graders in 2016 (n = 103) and 2017 (n = 103), pediatricians and school medicine specialists (n = 21), gynecologists (n = 34), and women visiting gynecology outpatient clinics (n = 85) ( Table 1) .
As shown in Table 1 , participants with some medical training acknowledged the importance of vaccination of girls 11 to 12 years old, with the majority of medical students (94.2%) agreeing with the first statement provided, followed by pediatricians and school medicine specialists (85.7%), and gynecologists (76.5%). Parents of sixth-graders and women that took the survey at gynecology outpatient clinics are less likely to opt for HPV vaccination (37.0% and 54.4% of parents in 2016 and 2017, respectively, and 43.5% of women at gynecology outpatient clinics) and would rather see their children decide on their own after they grow up. In general, the answers provided by medical students and specialists statistically differed statistically significantly from those of the general public ( Table 2) .
Regarding the second statement, none of the groups considered HPV vaccination to be an important cause of riskier sexual behavior (Table 1) . Moreover, the differences between distinct groups were small and mostly statistically insignificant ( Pediatricians and school medicine specialists are well acquainted with the safety of HPV vaccination, whereas a significant proportion of gynecologists (44.1%) showed some hesitation about unknown adverse effects (Table 1) . In contrast, parents of sixthgraders (78.6% in 2016 and 76.7% in 2017), women at gynecology outpatient clinics (68.2%), and medical students (60.2%) were mostly convinced that adverse effects will surface in the future because HPV vaccination has only been present in Europe since 2006. The answers provided by pediatricians and school medicine specialists regarding the safety of the HPV vaccine differed statistically significantly not only from the beliefs of the general public but also from other healthcare professionals' beliefs ( Table 2) .
The majority of medical students (78.0%) believe that information regarding HPV vaccination is mostly available on the internet, which is the main source of information based on which parents decide whether to vaccinate. Similarly, parents of sixth-graders (50.0% in 2016 and 52.4% in 2017), women that completed the survey at gynecology outpatient clinics (65.9%), and gynecologists (55.9%) also believed that the internet is an important source of information on HPV vaccination (Table 1 ). In contrast, according to most pediatricians and school medicine specialists (61.9%), parents do not obtain information regarding HPV vaccination from the internet. The answers provided by medical students, pediatricians, and school medicine specialists differed statistically significantly from the other groups studied, whereas gynecologists, parents of sixth-graders, and women visiting gynecology outpatient clinics tended to express similar beliefs ( Table 2) .
As shown in Table 1 , pediatricians and school medicine specialists universally support gender-neutral HPV vaccination (Table 1). This is also true for the majority of medical students (81.9%) and gynecologists (79.4%). In contrast, only 50.0%, 30.1%, and 41.2% of parents of sixth-graders in 2016 and 2017, and women that took the survey at gynecology outpatient clinics, respectively, disagreed that HPV vaccination would not be beneficial for boys. The answers provided by healthcare professionals regarding this issue differed statistically significantly from those of the general public ( Table 2) .
Discussion
This study was designed to obtain information about the knowledge of and attitudes toward HPV infection and vaccination among various healthcare professionals that vaccinate adolescents and/or are consulted regarding their opinion on HPV vaccination. In addition, the survey was also administered to parents of sixth-graders in elementary school that are faced with the decision whether to vaccinate their children, and to woman visiting certain gynecology outpatient clinics that should be aware of the fact that HPV is found in virtually all cases of cervical cancer and that cervical cancer only exceptionally develops in the absence of the persistent presence of HPV (11) .
The first statement evaluated participants' opinions regarding age at vaccination and potential delay in HPV vaccination. It has clearly been established that HPV vaccines are most effective when administered before exposure to HPV. The recommendation for routine vaccination at age 11 or 12 is based on several considerations, including data on HPV epidemiology and age of sexual debut as well as studies indicating that HPV vaccines are safe and highly immunogenic in this age group, with higher antibody levels achieved after vaccination at age 11 or 12 compared with older age groups (12) . Moreover, findings from the Health Behaviour in School-Aged Children (HBSC) survey in 2013-14 showed that 20% of 15-year-olds (23% of girls and 17% of boys) in Slovenia have already had sexual intercourse (13) . Hence, intentional delay in HPV vaccination may lead to reduced efficacy of the vaccine because older individuals may have already acquired HPV infection(s). In this study, healthcare professionals generally did not support postponing HPV vaccination, whereas a significant proportion of parents of sixth-graders would prefer the HPV vaccine to be administered at a later age and at their children's initiative, probably because of fear of potential side effects they have heard or read about in the media and on the internet or because they believe that their children will not engage in sexual intercourse in the near future. It is disappointing that parents are often afraid to take responsibility for HPV vaccination. Nevertheless, parents should be aware of the fact that, in their best intentions to protect their children, deciding to refuse to vaccinate is also a form of taking responsibility for their children's health-which unfortunately can be to their children's detriment.
The second statement evaluated whether participants associate HPV vaccination with riskier sexual behavior. Specifically, one of the concerns of those that were initially against HPV vaccina-*Statistical analysis was performed using a χ² test. Statistically significant differences with p < 0.05 are in boldface. tion at age 11 or 12 was the fear that HPV vaccination of young girls would lead to sexual disinhibition because of a perceived reduction of the risk of infection. However, several studies showed no measurable differences in sexual behavior, number of acquired sexually transmitted infections other than HPV, and age of first pregnancy when comparing vaccinated girls to unvaccinated ones (14, 15) . Although none of the groups evaluated in this study identified HPV vaccination as a cause of riskier sexual behavior, parents should be further reassured that HPV vaccination at ages 9 to 12 does not equate with encouraging early onset of sexual activity or result in an increased number of sexual partners. The third statement was used to establish whether the HPV vaccine is regarded as safe. The Global Advisory Committee on Vaccine Safety (GACVS) is an independent expert clinical and research advisory body that has been meticulously reviewing the safety data for HPV vaccines. Based on multiple large and highquality safety studies that were carried out on several million vaccinated individuals, the GACVS concluded that HPV vaccines are extremely safe (16) . Since its introduction into the Slovenian vaccination program in 2009, we have mostly noticed mild adverse events following HPV vaccination, including injection-site pain, swelling, redness, nausea, headache, fever, fatigue, and syncope. The majority of these symptoms and signs resolved within days without any long-term consequences. To date, no serious adverse events such as anaphylaxis have been reported in Slovenia (17) . Although these data are freely available and are also repeatedly presented at various medical conferences, it does not seem that the general public or even some healthcare professionals perceive them as a proof of HPV vaccine safety. Namely, this study has shown that, compared to the general public and other healthcare professionals, pediatricians and school medicine specialists were the only group that showed strong belief in the safety of the HPV vaccine. Thus, the general public and healthcare professionals need to be continuously reminded that the risk of developing cervical and other HPV-related cancers far outweighs any potential risks of adverse events of HPV vaccine.
The fourth statement evaluated the significance of the internet as a source of information on HPV vaccines and vaccination. A recent study has shown that young Italian males used the mass media (47.3%), school (26.7%), and physicians (18.6%) as the most common information resource for the HPV vaccine (18) . In contrast, providers' recommendations have been found to be one of the most important factors in parents' decision to vaccinate their daughter(s) in other studies (19, 20) . In this study, pediatricians and school medicine specialists did not identify the internet as the main source of information regarding HPV vaccination for parents, whereas more than half of parents of sixth-graders and the majority of medical students thought that the decision to vaccinate against HPV is mostly influenced by information obtained on the internet. It is possible that pediatricians' and school medicine specialists' beliefs are based on their own experiences; it has previously been shown that medical publications were the main source of information about HPV for personal education of Turkish physicians, whereas the media or the internet were used less often (21) . Our results differ somewhat from the findings of a recent Slovenian cross-sectional study in which mothers of children included in the national vaccination program considered physicians (85%) and nurses (74%) to be the most trustworthy sources of information regarding vaccination, whereas 58%, 10%, and 9% of mothers trusted information regarding vaccination obtained on websites, internet forums, and social media, respectively (22) . All sources of information on which parents base health-related decisions for their children must be identified in order to overcome HPV vaccine-related hesitancy because the opportunity to educate them and promote the HPV vaccine may be lost if efforts focus on one source of information only. Parents should be warned about the pitfalls of relying solely on information available on the internet. Anti-vaxxers are especially active on the internet and social media, leaving parents exposed to contradictory and possibly even inaccurate information regarding the HPV vaccine (23, 24) . Hence, physicians are strongly encouraged to provide accurate, clear, and updated information regarding HPV-related diseases and HPV vaccination, which should be available on appropriate, easily accessible, and user-friendly websites. With the rapid advances in telecommunication networks, targeted populations for HPV vaccination should be approached by physicians and epidemiologists using all available channels, including social media such as Facebook and Twitter. Most of all, these data should also be available to a broader circle of medical professionals and their colleagues.
The final statement provided insight into participants' opinions regarding HPV vaccination of boys. Although boys are currently excluded from the Slovenian national HPV vaccination recommendations, HPV vaccination was first provided to them free of charge in the 2015/2016 school year as a result of an outstanding local initiative by several pediatricians. Currently, HPV vaccination of boys is sponsored by various local communities throughout Slovenia, which have reached very high coverage rates (up to 83% in northeastern Slovenia). The majority of healthcare professionals included in our study agreed that boys would also benefit from HPV vaccination. Our results differ from a previous study, in which only 61% of Serbian gynecologists agreed that boys should also be vaccinated against HPV (25) . In this study, parents of sixth-graders and women visiting gynecology outpatient clinics expressed a certain level of reservation regarding the potential benefits of also providing the HPV vaccine to boys. As shown in the US, this may partially be a result of "feminization" of the HPV vaccine, whereby, with respect to research, political, and economic factors and gender norms, women were identified as those bearing the greatest burden of HPV infections and related diseases and were thus thought to be responsible for their prevention (26) .
Medical students are a group of healthcare professionals that are exposed to the most up-to-date medical practices and knowledge. This group also bears the greatest burden of HPV infections because the prevalence of these infections is greatest in the late teens and early twenties (27) . In contrast to Asian countries, where several studies evaluated knowledge, attitudes, and practices regarding HPV infections and vaccination among medical students (28) (29) (30) (31) , these issues have not been thoroughly assessed among medical students in Europe. Two previous studies in Scotland and Romania (32, 33) have shown significant gaps in medical student' knowledge. This was somewhat surprising because a comprehensive public health information campaign accompanied the first year of HPV vaccination in Scotland (32). In Romania, the level of knowledge regarding HPV infection was significantly lower among students in the 1st year of medical school compared to 6th-year medical students, suggesting that some basic information is acquired during the program (33) . In contrast, knowledge about HPV infections and the HPV vaccine among Slovenian medical students was relatively good, which is extremely important because it has previously been shown that increased awareness of HPV infections and vaccination among medical students is positively associated with higher vaccine uptake as well as their intention to recommend it (31) . Moreover, the thought that future doctors favor HPV vaccination is especially encouraging because the fate of HPV vaccination will mostly be in their hands. However, additional course(s) on (HPV) vaccine safety should be added to the medical school curriculum because medical students were still not fully convinced that current prophylactic HPV vaccines are safe.
Unfortunately, Slovenian HPV vaccination coverage is well below the desired target. Since its introduction, HPV vaccination coverage rates have been steadily declining, from 54.9% in the 2011/2012 school year to only 44% in the 2015/2016 school year. The 2016/2017 school year was the first to show increased and not decreased HPV vaccine coverage rates. There are also significant differences in HPV vaccine uptake among various regions and even among different municipalities within the same region (10). These differences most likely reflect remarkable efforts by individual medical doctors, especially pediatricians and school medicine specialists, who provide HPV vaccination to the targeted population. In this study, pediatricians and school medicine specialists were the group with the highest level of knowledge of HPV infection and positive attitude towards HPV vaccination. However, due to the relatively low number of pediatricians and school medicine specialists (n = 21) included in this study and consequent selection bias, our findings may not necessarily apply to pediatricians and school medicine specialists in general. Moreover, because the survey was performed at an annual educational conference on HPV infections, HPV-related diseases, and vaccination, it is possible that the physicians that attended this conference were more interested in this topic and could have had a more positive baseline opinion regarding HPV vaccination. Interestingly, our results contrast with those of a previous study, in which the knowledge of Serbian pediatricians was poor although they still recommended the vaccine to parents (34) . Because providers' recommendations were found to be one of the most important factors in parents' decision to vaccinate their children (19, 20, 22, 35) , additional educational activities should be provided to pediatricians and school medicine specialists on how to best present HPV vaccination to parents, especially in regions with lower HPV vaccination coverage rates. Currently, lectures on HPV vaccination and disease burden for parents of sixth-graders are not uniformly held. Some physicians have even stopped giving lectures to parents because HPV vaccination coverage rates have remained low despite their best efforts. In some cases, anti-vaxxers persuaded other parents with their dubious and misleading statements on HPV vaccination to question the physician's professionalism. Moreover, some schools refuse to participate in educational activities on HPV vaccination, whereas in other areas healthcare workers are unable to hold them because they are already overwhelmed with work.
Surprisingly, the level of knowledge and trust in HPV vaccine was relatively poor among the Slovenian gynecologists that participated in the study and was similar to recent findings among Serbian gynecologists (25) . Because the number of gynecologists included in our study was low (n = 34) and due to consequent selection bias, our results may not be applicable to the majority of Slovenian gynecologists. However, the vaccine hesitations and limited knowledge among the gynecologists in this survey demand urgent action. This is especially important because mothers often seek additional advice and opinions from their gynecologist following lectures about HPV at parent-school meetings.
The knowledge of parents of sixth-graders is also considered low, with differences observed between parents of sixth-graders in 2016 and 2017. Surprisingly, the level of knowledge did not increase with time, but declined from 2016 to 2017. Unfortunately, we could not identify the proportion of parents with more than one child that attended previous lectures on HPV in each year, which could have potentially influenced their knowledge and beliefs regarding HPV infection and vaccination. Nevertheless, despite overwhelming data on HPV vaccine safety (16) , it is clear that parents are still concerned about potential adverse effects of the vaccine. We believe we will be able to gradually overcome this deep-rooted fear of the HPV vaccine; however, a multilevel approach is needed with the engagement of various governmental institutions, non-medical healthcare workers, and physicians, who should set an example by having their children vaccinated against HPV.
Women visiting gynecology outpatient clinics provided answers that were similar to those of parents of sixth-graders, suggesting that their knowledge and beliefs most likely reflect those of the general Slovenian population. Personal experiences with HPV-related diseases significantly contribute to awareness and the decision to vaccinate. When women with previous HPV-related diseases attended parent-school meetings on HPV and were willing to share their experiences with others, parents almost universally decided to have their children vaccinated for HPV. In contrast, parents that oppose HPV vaccination and speak up during parental meetings may deter the entire group of parents from vaccinating their children (22) . Thus, instead of listing dull scientific data that some parents may not fully understand, healthcare professionals should include personal experiences in their lectures, especially because experiences with HPV-related disease may affect parents on an emotional level and provide a strong motivation for HPV vaccination.
Our study had some limitations, the most important being selection bias. Because no personal or demographic data were collected during the survey, we could not evaluate potential differences between males and females or between younger and older medical students. In addition, age-related differences among various specialists as well as the general public could not be assessed. Moreover, because the survey was provided only prior to the lectures on HPV infections and HPV vaccines and was not repeated after the lectures, we were unable to evaluate whether providing credible research data would result in increased knowledge and a positive attitude toward HPV vaccination.
Although the final decision whether to vaccinate or not is up to parents, it is our responsibility as healthcare professionals to provide them with the necessary information on which to base the decision to vaccinate their children.
